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l. INTRODUCTION AND EXECUTIVE SUMMARY

This report summarizes achievements dunng year 3 of our project to imestigate the use of ERS-1

SAR data to study Arctic ice and ice/atmosphere processes. The project was granted a one year

extension at no cost, and this report outlines our goals dunng the final year. The final report will be

delivered in October 1995.

The specific objects of the project are to:

• determine hmv the development and evolution of open water/thin ice areas within the

interior ice pack va U under different atmospheric synoptic regimes;

• compare ho,_ open water/thin ice ft-'actions estimated from large-area divergence

measurements differ from fractions determined by summing localized openings in the pack;

• relate these questions of scale and pr_,x:ess to methods of observation, modeling, and

averaging over time and space;

• dete_xnine whether SAR data might be used to calibrate ice concentration estimates from

medium and lo_v-rate bit sensors (AVHRR and DMSP-OLS) and the Special Sensor

Microwaxc/Imager (SSM/I); and

• imestigate meth_x:ls to integrate SAR data fol turbulent heat flux parametnzation at the

wean/atmosphere interface with other satellite data.

1.2 Year3 Progress

Major accomplishments over year 3 included:

• The SAR-based ice classification work performed in the previous two years has been

completed. The general effectiveness of SAR ice type classification was assessed by

comparison with Landsat TM data, and a specific evaluation o1 the performance of the ice

type classifier used operationally by the Geophysical Processing System (GPS).
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• Major insights have been gained into the seasonal cycle of typical pack ice and how that

cycle is reflected in SAR image_'. By'a detailed qualitative examination, and the

development and evaluation of a simple numerical/backscatter model, we are able to identify

major features of the seasonal cycle and describe their appearance in SAR data.

• As a consequence of the above, a time senes of mean SAR backscatter through the year

was used as a me_s of evaluating both other remote sensing products (SSM/I) and a

commonly used physical model of ice processes.

• A simple meth_xt ior using SAR data for determining ice concentration was developed.

By taking the effects of wet snow and meltponds into account, this method can be used to

estimate the fractions of different ice types throughout the 5'ear. Although no in situ data

x_'as available for validation, the concentrations obtained from this meth_,xt appear reasonable

when compared with those from other sources.

• A study of the Lady Ann Strait polynya using SAR imageD' was conducted in which we

learned hmx' to interpret SAR imagery in the dynamic and sometimes confusing polynya

environment and examined the change of backscatter with time on both short and long

tcmtx_ral scales.

• In conjuncticm xx'ith a separate NASA grant, SAR image U and SAR-derived ice motions

xxeve c_mbined x_ith A VHRR-derix'ed ice motions, SSM/I data and sea-ice model output to

study the velatiCmships between observed ice concentrations and simulated divergence and

shca_-dunng October 1991 and extended through May 1992 for the Beaulk-wt Sea. No large

dcscrcpancies x_'ere found between simulated changes in concentration and those obsel-ved in

the imagery. Howexer, the SSM/I data suggest substantially." larger increases in first-year ice

fraction, x_'hich might be related to sub-time-step changes in open water coverage.

Significant cowelations exist between changes in SSM/I-denved ice concentration and

simulated divergence and shear over al:xmt 40% of the study area.

1.3 Year4 Plans

During year4 we intend to pursue the lollowing activities:

• The study of thc seasonal cycle of pack icc using SAR data will be continued. A particular

objective will be to vary the assumptions used in the numencal/backscatter model. Further

efforts will be made to use the SAR time series as a t_.×_lfor evaluating models and data from

other sensors.
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• The Lady Ann Strait and North Water polynya studies will be pursued further. Objectives

will be to determine the typical evolutionary sequences of the polvnva _ a whole

preparatory to a comparison with predicted ice growth and dynamics from a coupled

ice/ocean polynya model.

• Comparison of SAR and A VHRR-derived ice motions, SAR lead patterns, SSM/I ice

concentrations, and model simulations will be expanded to include the period from June

1992 - June I993, in conjunction with separate NASA funding.

(i' _ _ iI_I!!I:__
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2. YEAR3 ACTIVITIES

2.1 Icetypeclassification

Dunng thepastyear,we improvedandconsolidatedour previouswork on SAR-basedice type
classificationusingLandsat TM data as "truth". A more careful selection of training data regions

_'as made and the coregistration, calibration and statistics processing improved and streamlined.

Our study' of ice typing, which has been described in a paper currently in press (Steffen and

Heinnchs 1994a), had two major objectives. The first was to evaluate SAR-based ice typing in

general using Landsat TM data, and the second and more specific was to assess the performance

oi the operational classifier used in the Geophysical Processing System (GPS) at the Alaska SAR

Facility." (ASF).

The data set used in our work consisted of two overlapping pairs of Landsat TM and ERS-1 SAR

images taken on April 15 and 18, 1992 covering a portion of the Beaufort Sea centered at 145 ° W,

73 ° N. The Landsat data was obtained from EOSAT Corporation and was geolocated, mapped to

the UTM projection, and gridded to 25 m spatial resolution (slightly better than the actual 30 m

resolution) in order to better match the SAR. Data from the C-band (5.3 GHz) SAR instrument

aboard ERS-1 was obtained from the ASF at its full 12.5 m spatial resolution, resampled to 25 m

resolution, and mapped to the UTM projection. Coregistration of the image pairs was a

challenging process, gixen tx_th the movement of the ice and certain errors in the data processing

oI the SAR, and x_'as accomplished by the use of successively smaller offsets determined visually

and the use of color composite images for precise registration.

Once coregistration and image subsetting were complete, images of TM band 4 (760-900 nm)

and, cx:casionally, TM band 6 (10.4- 12.5 mm in the thermal infrared) were used to select

training data regions for each of seven ice types as defined by,' the standard WMO nomenclature.

We accumulated training data areas until a sufficient sample size (roughly 1000 points) was

attained for each ty.,pe. The training data were used to define a supervised classification (maximum

likelihocKt) based on Landsat TM band 4.

Table 1 shows the results of our statistical analysis of the SAR pixels assigned to each ice type as

defined by the Landsat supervised classification. A graphical representation of these results is

sho_'n in Figure 1. The TM data shows a distinct separation between most ice classes with,

however, some overlap bem'een first year ice (FYI) and old ice (OI). This is due to the snow

cmer over both ice types causing their albedos to be ve U similar. The SAR data, however,

shows major overlaps between man3,' ice types. OI and FYI can be readily distinguished in the

SAR data, but the nilas (NI), grey: ice, and grey-white ice categories have substantial overlap,

I:x_th with each other and with the OI and FYI classes. The ice free (IF) areas also have
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backscatter values similar to the solid ice types, but different lor the two days studied. This is a

consequence of wind roughening (increased backscatter caused by' wind-formed capillary waves

on the (xzean surface). Wismann (1993) has provided a lonrmla which relates the backscatter of

IF areas backscatter to wind speed (¢_)_r:- 0-0785u°7816°4, where cO)iv is the backscatter of the

ice free surface and u is the wind speed). The observed backscatter from ice free areas is slightly

less than what would be expected from this relationship, but does show_.a higher backscatter on

April 18 when winds were stronger. We h3,'pothesize that the Wism_n R-_rmula is more

appropriate for larger open ocean areas then the leads found in the pack ice environment.

'l'able 1. Derived S AR backscatter coefficient (o °) statistics (mean _md start "dard deviation) by ice type

based on the supervised ice type classification from l_dsat Thematic Mapper ch,'umel 4 for the

Beaufort Sea (April 16 and 18, 1992).

April 16, 1992 April 18, 1992

Back.scattering Coefficient (clB) Baekscattering Coefficient (dB)

Ice Type Mean SD Mean SD

IF - 15.12 3.28 -5.31 1.95

NI -12.35 4.03 -10.39 3.95

GI -i4.01 2.98 -13.14 2.38

GWI - i5.17 3.53 - 14.25 2.99

FYI-I - 16.26 4.67 - 16.75 3.23

FYI-H - 17.41 4.87 - 16.70 3.69

OI - 10.97 3.43 - 10.:20 2.47

l'igurc i (irai)h shovdng me, ms and staa_dard deviations o1" l,m_dsat "FN, I band 4 specu,'al radiance and

> \R backscatter coefficient for :each ot" seven ice types.
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Our evaluation of the GPS classifier was b_ed on the results of the SAR/_ndsat comparison

described above. The GPS ice types are somewhat different from the WMO list (Kwok and

Cunningham 1992, Kwok et al 1992), and the training data was recombined to reflect this

difference. Table 2 lists the SAR means and standard deviations for each of the categories as

defined by the GPS and the TM supel_;ised classification lor April 16. While, the two

classifications agree well for FYI-I _d OI, significant differences in 4he means exist for the

combined IF/NI/YI and the FYI-II classes. The GPS threshold used for IF generally restncts

identification to calm wind conditions. IF areas identified in the TM imagel3', because of the

moderate winds on April 16, have higher backscatter values and are misclassified by the GPS as

other types. By calculating the percentage of correct decisions made by the GPS classifier as

compared to the TM-derived classification, we were able to quantitatively assess the GPS

performance. These results are listed in Table 3. As expected from the means and standard

dexiations, OI classification accuracy is the best of the four GPS types with FYI-I a distant

second. IF/NI/YI and FYI-II categories are clearly not performing well, most likely due to

misclassification of IF pixels. Ice concentrations were determined for both study dates using SAR

and TM thresholds. The TM values are closer to the expected ones, and show the expected

relation to divergence (lower concentration on April 18 ass_x:iated with higher wind speeds).

SAR-derived concentrations show the opposite tendency, most likely due to a larger fraction of IF

pixels being wind-roughened and misclassified _ solid ice.

'lable " :Xlean S.\R backscatter coefficient _md stan_d deviation (SD) for the GPS ice classifier ,and

tl_c I_mdsat "F:kl ch:umel 4 based ice classification for ice free, _filas m_d young ice (IF, NI, YI), thin

first-year or smooth firsl-ye_u ice (FYI-I), mextium m_d thick first-year or deformed first-year ice (FYI-II)

:rod old ice (O1) on April 16, 1992.

Ice Type

IF, NI, YI

FYI-I

FYI-II

OI

GPS mean

-20.7

-17.8

GPS SD TM mean

-14.2

-17.4

TMSD
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_ii__i!,,)i,i'[

i([ii: i?i _i'_!_[i'

:: ii!i_ i!!/_i _ •

,__i_i/i :i_ili_iii"

i:!il_:ii_ii_(i!!ii_i,iiii'il

i_!_il,'i_i_i'_ii!ii_i_i:'>

_ ii!_

i!!?fill!/i_ii/

Table 3. Perfonnmme of the GPS SAR ice type classifier. The con'ectly classified percentage tor each

S AR ice type as compared to the TNI ice classes is given ill parentheses. The comparison w_ done

with the co-registered Iandsat _md SAR images (650,000 pixels) I"ol, April 16, 1992. The total

percentage of each ice type as derived from T_I for the entire image is also given.

SAR

Ice Classes

IF, NI, YI (%)

FYI-I (%)

FY3-n (%)

-oi (%)
[

IF&YI

(0.3 %)

(1316)

11.9

Landsat _ Channel 4 Ice Classes

(20.8 %)

FYI-II

(21.1%)

31.2

27.1

34.9

40.5

- 4.4

(36.1)

21.0

7.2

(16.4)

25.8

OI

(57.8 %)

20.3

24.9

22.1

(62.6i'

• 7 : •

/_ • _i_/'
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The final portion of the stud3 ....involved an examination of the effectiveness of using the SAR and

TM data together in a multispectral classification. SAR is superior for separating FYI and OI,

where l_.andsat has advantages for IF, NI, and YI. We assembled a set of training data using

color composite images of SAR and TM data together to assign a priori categories and evaluated

the perlormance of sexeral channel combinations against the training dam. For each channel set

inxestigated, _vc calculated the parameters for a maximum likelihcxxt classifier, which was then

applied t_ the training data. Accuracy percentages for each catego U were calculated for each

channel set. The combination of SAR and single TM visible channels (channels 2,3, or 4) was

found to improve accuracy over TM for "all but the FYI types. Adding multiple visible channels

improxed accuracy for FYI-II, and adding channel 6 (thermal infrared) resulted in an accuracy

greater than or equal to 90_ for all types.

: • 7: •

ii,i i:/_'!I_,

_ii__ i_iii_II>

,:
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2.2. Studies of the Seasonal Cycle of Sea Ice Using SAR Data

The Fx)tential of SAR data fi_r longer-term monitonng of sea ice has only begun to be explored,

despite the important advantages of SAR data for this kind of research. We conducted a study

aimed at determining the variation of backscatter with time from typical pack ice and how these

changes relate to phy:sical changes in the ice are important problems

The data used in this study cmered a region in the Beaufort Sea centered at 78 ° N, 153" W dunng

a 13-month period from October 1992 to November 1993. A senes of 31 images from the ERS-1

C-band SAR was obtained frc)m the Alaska SAR Facility (ASF) and calibrated using the
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operational ASF "algorithm. As part of the calibration process, the data was scaled from Digital

Number (DN) values to backscatter values in dB. In addition to the SAR data, we obtained

concurrent meteorological data from the National Meteorological Center (NMC), including surface

air temperature, pressure, and geostrophic wind Iields. The complete time series is illustrated in

Figure 2.

l:igure ". Graph of the metal ERS-1 SAR backscatter mid N_I(7 teml)eramre _m_:lwind speed data used

to study, the seasonal cycle ot" sea ice in the Beaufort Sea. Rom_m numerals identify the regime (see

text for explanation) mid vertical lines ,are regilne lxmndaries.
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2.2. I Qualitative Examination

The first general observation we made is that there is substantial vanability in the appearance of

sea ice throughout the 3'ear in SAR imagery. Not only maya given value of backscatter

correspond to more than one kind of ice (or even wind-roughened IF), but this relationship

changes through the year. Nevertheless, we have segmented the 3...'ear into three major

ex olutionar 3 regimes that, we feel, have a consistent set of ice signatures and a correspondence to

major features in the seasonal cycle of sea ice.

The first regime we identified (regime I) covers the majority: of the 3;ear, beginning in autumn and

extending all the way through spring until summer melt occurs. The signatures of FYI and

Page 9



multiyear ice (MYI) are relatively stable, alxmt -16 and -10 dB, respectively. The major

mcxzlulation of the mean backscatter in the time series was the variations in ice concentration and

the wind roughening and corresponding backscatter increases of IF. Beginning shortly before the

summer solstice we have another major regime (regime II), in which the appearance of sea ice

changes dramatically. First, the snow cover above the ice surface begins to melt. At first, this

involves primarily the addition of water to the snox_ _layer. This water, because it is embedded in

the snow matrix, is not subject to wind roughening and acts as a very efficient absorber of

electromagnetic radiation at radio w'avelengths. Because of this, the MYI and FYI have a

significantly' reduced backscatter. Pressure ridges, which protrude alx_ve the layer of wet snow,

appear as bright linear features. Later in the summer, the wet snow melts completely', with much

of the water collected in meltponds. The meltponds are also subject to wind roughening, and the

result is a dramatic increase in the sensitivity of the mean backscatter to wind speed. The floes
..

also become disaggregated. At the end of the summer, the appearance of sea ice in the SAR

imagery changes once again, defining the third regime (regime III). MYI regains its normal

appearance as the meltponds refreeze, and FYI begins to foma once again. The major difference

in this regime from the previous regime is the presence of broadly linear bright features. These

features have a general appearance similar to that of the IF areas in the summer, and we suspect

the5' are due to the refreezing of the leads with their multitudes of disaggregated floes combining

in a jumble of angular fragments which act as reflectors (Ix)th direct and via cornering) for

radiation at C-band wavelengths.

"_ "__' A Simple Ice Cover/backscatter Model

In order to test our hytx_theses and the conceptual model that originated dunng the qualitative

examination of the data set, we constructed a simple numencal model. Our plan was to link a

simple backscatter m_,x,tel to this numerical model and then compare the resulting backscatter

estimates to the actual time senes.

We began by assuming ice concentrations to be constant in each regime. This assumption

simplifies the initial e'_aluation of the model and, furthermore, can be changed at any time. The

phx'sical charactenstics of the model are, as would be expected, dependent on the time of year

(using the regimes defined atx_ve). In regime I (autumn/winter/spnng), we have only FYI, MYI,

and IF present (NI, grey ice, and grey-white have been excluded to simplify the model). During

the summer, all of the FYI becomes MYI, which is partially covered by wet snow and meltponds.

Because of their iml:xmance to the energy balance of the ice, and because of their strong effect on

the SAR backscatter, we added a more detailed parameteriTation of their growth. A maximum

fraction for snow cover on the ice is chosen, as is a maximum meltpond fraction. These numbers

were assumed to be ().65 and 0.4, respectively. At the beginning of the summer season (defined

by the excursions of the surface air temperature above and below 0 ° C) the entire maximum
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fraction of wet snou appears. During the summer, the meltpond fraction is calculated for each

image by: a simple linear relationship of the day since the beginning of summer and the maximum

meltpond fraction. Since the meltpond formation is at the expense of the snow-covered area, the

area of snow on a given day is reduced to the maximum meltpond fraction linearly, with the

number of day;s since the beginning of the melt season. During the late summer freeze (regime

III), no IF is allowed and all of the IF from regime II is assigned to the bright ice (BI) category.

Table 4 lists the ice concentration values used for the different regimes in our ice cover model.

Table 4. Surface type fractions (range 0.0 to 1.0) used ill ice cover model by regime

Surface "l'ypc
._

_IYI

I:YI

-°

t3nght Ice

Wet Snow

Meltlxmcts

Surface Type Fraction

Regime I

0.85

0.1

0.05

Regime II

0.9

0

0. l

varies

varies

Re,_me III

0.85

0.05

0

On top of this simple model of ice cover through the year we added an equally simple model of the

mean backscattcr of the scene. The mean backscatter of the scene is, by definition, the average of

the backscatter values at each pixel. By: segmenting the pixels into types, we can calculate the

mean backscatter b3 adding the backscatter of each type weighted by the fraction of area covered

by that type (i.e., the concentration). Including all of the ice surface types described above, we

then have:

c,_- Axn.cg)x_5. + At.h-c_Fh - +AIFOOIF + ABICg)BI + AMpC#)Xlp + AwsO°ws (1)

where c¢,,1,_ c4o_q-, cg.)ii- CCJBI OOMD , and o0\vs are the backscatter values lor multivear ice, first-

y'car ice, ice free, bright ice, meltponds, and wet snow respectively. Ar_p_, Arq, AIF, ABI, AMp,

and Aws are the correslxmding cover fractions for each type. We assumed that each of the solid

ice types has a characteristic backscatter, and that all pixels of that type have that backscatter value.

To obtain these values, rather than the rigorous training data selection procedure used for the ice

ty:pe classification study, we examined the time series and chose what we considered typical
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values for each type (cr-Jxr_. - -10.5 dB, c¢0_. - -16.0 dB, cg)BI --7.0 dB, and c¢)ws--22.0 dB).

We assumed that open leads and meltponds are both subject to wind roughening, so that c¢3Mp and

¢¢)IV are identical and can be calculated by the Wismann fomlula described above using the NMC

x_'ind speeds. It was assumed that the wind speed is constant over the scene.

Figure 3 shows the results of running the combined ice cover/backscatter m¢x:tel. It can be readily

seen that the model reproduces the major features of the seasonal cycle, including the sable

backscatter values in the winter and spring, the sudden backscatter drop in summer, and the rise

during freezeup. More quantitatively, the RMS difference between the actual and simulated

backscatter time series is 1.01 dB, which represents about 6_. of the full range of backscatter

xalues observed in nature.Some differences exist, howexer, particularly," on shorter time scales.

The simulated backscatter seems to be out of phase with the actual time series during the spring

months. This may be a function of short-term variations in ice concentration due to large-scale ice
._

motions or the passage of spnng storms and consequent divergence.

l-:igurc 3. C'omp_uison of actual SAR metal backscatter time series with sinmlated time series from

simple ice cover/backscatter model, SSM/I NASA te,'mi algofitlun, mid Hibler ice

dvn,'mucs: thennodvnanfics model.

ACTUAL VS. SIMULATED BEAUFORT SEA SAR TIME SERIES
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In order to test our simple model, as well as to investigate the use of the backscatter time series as

a validation tool in general, we obtained ice concentration estimates for the study area from two

other sources. The first was the SSM/I sensor, using the NASA team algorithm with global tie

points. The second source was a Hibler ice dynamics/thermodynamics model with viscous-plastic

theology (Hibler 1985), mn for the entire Arctic, and from which we extracted the data for the

grid point nearest the study area. The Wismann relationship for the backscatter of IF and the

backscatter values for the solid ice types were used to calculate mean backscatter from each ice

concentration time series. Being a unique feature of our ice cover model, we did not include the

effect of meltponds and wet snow in the summer.

Figure 3 also shox_'s the actual SAR time series compared with the simulated SAR data obtained

from all three sources (our simple model, the SSM/I NASA team algorithm, and the Hibler

mcxtel). The SSM/I-derived backscatter estimates are clearly too low, reflecting the generally

underestimated concentrations that have been observed using global tie tx)ints (Steffen and

Schweiger 1.990, 1991 ), but tend to track the changes in the real time series fairly well. The

Hibler-denved estimates, on the other hand, have _alues of about the same overall magnitude as

the actual SAR measurements in the winter and spnng, but show to() little variation all year and

particularly in the summer. Table 5 shows the results of a statistical comparison between all three

simulated SAR time senes and the actual measurements. The lowest RMS error is from the

SSM/I, which as mentioned tracks the real time series fairly well, particularly in summer. The

Hibler and our simple ice cover models have about the same RMS error (slightly higher than that

lot the SSM/I), surprising considenng the relative complexity of the two. The mean

actual/predicted difference is greatest in magnitude for the SSM/I, confirming the observation of a

significant bias in the estimates. The mean absolute difference, perhaps the most robust measure

of statistical difference in cases where the distribution if non-normal, is almost identical for all

three.

lANe 5. Error statistics for actual vs. simulated lnean SAR backscatter (in dB) for three different

sourccs of simulated SAR.

Source

(:i ice cover'backscatter

model

SS:kI, I N.-\S,:\ temn

_dgofiflun

Hibler ice model

RMS Error

l.O1

0.69

_\vemge l::_rror

4).30

0.51

,k verage Absolute
Error

0.69

0.66

0.96 0.64
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o....o 3 IceconcentrationAlgorithmDevelopment

Estimateso1 ice concentrationareusefulfor bothclimateresemvhand operationalapplications
(shipping, in particular). During the summc ,months,when melt c_cursand the ice surface
undergoesits mostdramaticchanges,estimatesfrom passivemicrowavesensorsarenotoriously
inaccurate(to the extent that they are not calculatedoperationally). The time seriesanalysis
describedabovesuggestedthea possibleapproachto obtainingiceconcentrationsthroughoutthe
yearfrom SARdata,with theavailabilityof theNMC meteorologicaldatato helpconstrainthe
problem.

At ans'time thefractionalcoverageof thevarioussurfacetypesmustaddto unity. Furthermore,
thesumof thebackscatterfrom all sourcesweightedby the concentrationof thatice type must
equalthe meanbackscatterof the scene. Thus we have,assumingthe presenceof only FYI,
MYI, andIF, we have

Axl'_+ An +AIF- 1 (2)

(3).

By solxing for Aii and substituting (2) into (3), we can obtain an equation relating AFy and AMy.

Frcml our prexious x_'ork, cPxn and Oa3F_-are known (cY)t._•- () in summer). From the NMC wind

speeds, and the Wismann formula, 04)IF can be calculated.

We begin calculation of ice concentration by counting the number o1 pixels with backscatter values

aNwc and below a FYI/MYI threshold (-13.5 dB) and obtain AFy(measured)and AMY(measured).

Because the entire range of possible backscatter xalues has been divided into FYI and MYI, the IF

[x_ints must fall into one of the two classes. Since c/)ii. - is known, we can decide in which ice

typc the water points have been included. The other type can then be assumed to be free of IF

D>ints and thus exact (i.e., An- Al%'(measured) or A,kl5 - AN1Y(meast, red))- Since we have an

equation relating A _.-_-and A_F_, we now know both, and calculation of AIF is a simple matter of

substitution.

Figure 4 shows the ice concentrations calculated using this method compared with those from the
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SSM/I sensor and Hibler m_.xtel. It can be observed readily that SSM/I concentration values for

MYI are too low, and dramatically so in the summer, when operational ice concentration estimates

are not pr__x:tuced. In general, the SAR-derived concentrations are closer to those obtained from

the Hibler model than the SSM/I, and certainly fall in the reasonable range. A detailed statistical

exaluation has not been _fformed so far, due to the preliminm T and exploratory nature of this

work. Potential problems with our approach include elxors when the wind speed is close to the

threshold value used to separate _I from MYI (perhaps not significant given the veo' narrow

range of wind speeds yielding such backscatter values).

Figure 4. Ice c_mccntrations {_btaitmd limm s_\R algon t|lm,: N _S,,_ |c,_ll _gon thm (SS I)_d _bler

m_el.

_R_DERIVED ICE CONCENTRATIONS
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2.3. Lady Ann Strait Polynya Study

It is becoming more _'idely realized that coastal polvnvas have a major influence on the heat and

energy balance of the ice-covered seas. Furthermore, the large rates of ice formation and bnne

pr_xtuction ty,'pical of t:x_l\'nvas are important climatic factors. Our objectixe was to examine ice

cover x'anations and the underlying physical processes in one lx)lynya, making use of the vapid

repeat coverage dunng the ERS-1 ice cycle and the SAR instrument's high resolution and ability

to penetrate clouds and darkness. Because of extensive previous study, and high suitability for

SAR observation, we chose the recumng polynya located in Lad3.' Ann Strait at the mouth of

Jones Sound in northwestern Baffin Bay as our subject.

We obtained, from ASF, a series of 30 images of the Lady Ann Strait region covering a penc_:oI

5 months between Nov. 20, 1991 and April 17, 1992. The images were, of the low resolution

product, with 100 m resolution, each 100 km on a side. The images were calibrated using the

standard GPS technique, converted to decibels (dB), and scaled.

As can be seen from Figure 5, the appearance of the polynya goes through dramatic changes on

short time scales. The Feb. 6 image shows the polynya filled with brash ice composed of broken

ne_ _ ice. Three days later enough ice has formed to cover the polynya, and by the next image this

cmer has broken up as well. A few relatively large YI floes are visible. By February 15, all of

this rnatenal has been removed by wind action and ice is again beginning to form. A more

detailed understanding of the Mnds of ice visible in the SAR images was obtained by taking

transects through selected areas of the polynya and examining the backscatter values along the

transects. One such profile (t_en from the February 6 image) is shown in Figure 6. From this

profile, as well as others, we have noted an approximately linear increase of backscatter with ice

thickness for ne_' ice and NI.

)112 ¸
-i:i_ii_:i:i_.!i__i_,:

iiii_iii_'i_iil,__;

i:il_:_:_,__

!!i_!i_iii!ii_!i_ii__
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Figure 5. ERS-I SAR images of the I_dy Aml Stnfit polynya t_en oll four days during flae study

period.
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Figure 6. Backscatter profile t_en across portion of Izdy ,.StllllStr_fitPolynya on February 6, 1992.

_ ........... ...:_i_iii_!!_::_ ....

-6-

°8

-10
- FYI

.-. -12 --
El

"S -_4-
tD

¢1

rn

-16

-18

-20

-22

-24 --

-26

st Flowers ?

I New Ic

[ Lady AnnFelamary6,Strait199:2P°lynyai

i FYI -OW- Yi i
! I:ittlewind i

0 100 200
Profile Lengths (pixe! x 100 m)

300

By taking profiles across stable _I and _I through the duration of the study pen_, we were

able to examine the teml:x_ml change of backscatter with time over longer time scales. Figure 7

shoxx's the results of this analysis. The _I floes embedded in the _I matrix show visually no

change in the backscatter, and neither does the smcx_th FYI. For FYI in general, however, as well

as nexx ice at the ice arch,a distinct downward trend in the backscatter is obsen, ed. At present, we

d_) not haxc a rigorous explanation for these trends.

l'igUlC "7,. Sea ice backscattcr time series derived from ERS-1 SAR profiles for the I,ady A_m Strait
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The first conclusion that we can draw from our work on the Lad5' Ann Strait _lynya is a negative

one. We do not feel it is possible to obtain ice motions within polynyas from ERS-1 SAR data.

The ice orbit of 3 days does not allow ice dynamics to be resolved. Ice velocities within the Lad5:

Ann Strait polynya frequently' reach 20 km/day, and can attain 50 km/day (Ito, 1981). In a 3 day

peri(xt, the ice within the polynya can travel 60-150 km and move completely outside the

boundaries of a 100 km square ERS-I scene. Radarsat should provide sufficient temporal

resolution to allow accurate measurement of polynya dynamics.

>i17_7

: fill _¸ /

_i_'i!i i_i(__ _

i ii!

iil_i_ _: _.

Despite the difficulty. in resolving ice motions, the SAR data has allowed us to observe the

_anability of ice cover in the polynya over a relatively long time pen_xt. Although much

interpretation of the SAR imagel3,," is required in order to assess the ice conditions within the

l:x-_lynya, the high spatial and temporal resolution of our data set makes it a valuable resource. By

examining backscatter values along transects within the polynya, we have gained further

understanding of the way in which backscatter _anes with ice growth for veo' young ice.

The _'ork described atxwe is a vital step towards the ultimate goal of being able to monitor the ice

cover within polynyas and thus determining their heat and energy balances and influences at local,

regional, and global scales. Techniques have been developed (ice classification by profile, for

example) that will be invaluable for polynya study when more suitable data sets become available.

A paper describing our study of the Lad3,' Ann Strait l:x-_lynya is in preparation and will be

submitted shortly to the Journal of Geophysical Research (Steffen and Heinrichs 1994b).

2.4 Response of the Ice Pack to Atmospheric Synoptic Systems

Ice concentrations retrieved from SAR, SSM/I, and A VHRR image U and simulated using a

dynamic-thermodynamic ice model were compared in relation to the passages of strong

atmosphenc low-pressure systems in the western Arctic lk)ra case study in October 1991, and for

a time senes through Max 1992. Combining different image types and ice model output to study

ice conditions allows us to minimize some of the uncertainty in the different data types, and carries

more confidence in the interpretation of actual conditions. Since the tem_ "ice concentration" can

represent different conditions as defined for different sensors and models, care is needed when

intercomparing data sets.

With this caveat in mind, magnitudes of changes in ice concentration as depicted in SSM/I and

model output agree reasonably well in the case stud3; for the October (including AVHRR) and

mer the autumn, winter, and spring period into summer 1992 (SAR, SSM/I, and model output

only), showing a 3-5c_ reduction in ice concentration during the passage of strong storm systems.
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SAR imageD' shows some evidence of increased lead dexelopment and/or opening during passage

of the systems, but the total increase in IF/thin ice fraction amounts to only an additional 1 to 2c_ ,.

A VHRR imageo' sho_: greater numbers of leads than are seen in the SAR data, but none of the

data sets indicate a large-scale disruption of the ice cover such as has been seen in late summer

cases (e.g., Barry and Maslanik, 1989). The largest changes in the ice pack are indicated as an

increase in first-year ice fraction in the SSM/I da_ and model output, which is consistent with

refreezing of newly-formed IF areas under diverging and/or sheanng conditions. All the data

types agree within a fe_ percent for means of total concentration dunng the autumn through

spring pencx:t. Disagreement is substantial among the estimated prol:x_rtions of first-year and

m ul tivear ice.

Differences in simulated concentrations between the runs using xiscous-plastic and cavitating fluid

rheologies results from the apparent tendency. lot the cavitating fluid rheology (used here without

a representation of shear strength)to overestimate drift speeds relative to a viscous-plastic

theology dunng periods of rapid ice drift. When averaged over all observations, the mean

difference between the two theologies is small. The drift speeds simulated using the viscous-

plastic theology arc closest to the buoy-measured and remotely-sensed drift speeds.

,_!/i_!,/_

_!_i_!ii!!'i___iii•

Di_ergence rates estimated using optimally-interpolated A VHRR and SAR-derived motion fields

arc similar and sho_' considerable lcx:al variability within a mean converging field. Simulated

divergence rates overestimate convergence relative to the observations, although both observed

and mc_deled rates arc small. I_,_calized changes in SSM/I-denved concentrations are typically

c_nsistcnt xx'ith regions of con,_'ergence and divergence in the pack. Significant correlations were

l_mnd in some areas bet_'een changes in SSM/I-den_ed concentrations and simulated divergence

and shear over atxmt 40c_: of the study area.

Enough uncertainties exist regarding data sets, algorithms, and definitions that the absolute

amount oI open-water prcxtuction in relation to atmospheric synoptic systems cannot be

determined unambiguously. The effects of such differences in retrieved concentrations, when

considered in terms of turbulent flux estimates, sho_' substantial differences depending on the

data type and classification scheme used to retriexe ice concentrations.

T¢_ further define ice-pack responses to atmosphenc conditions, work is underway to extend these

case studies in combination with surface and aircraft observations, and to build a long-term time

series of remotely-sensed ice concentrations, ice motion, and simulations using different modeling

options. In addition to specifying the requirements of remote sensing systems and field programs

for sea-ice applications, such work should assist in the eventual assimilation of such merged data

sets into operational ice models, and should aid in testing simplifications desirable for climate

modeling applications.
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3. YEAR 4 PLANS

3.1 Ice Type Classification

We do not anticipate significant further work on companng SAR and TM-derived ice type

classification with SAR. Possible investigations, if time 'allows, include the use of texture and

other spatial information, along with single and multiple channel images, in the ice typing process.

3.2 Seasonal Cycle Stud,,

The seasonal cycle study is a major focus of our work, and will be continued. The assumptions

used in the simple ice cover/backscatter mtx:lel will be reexamined, and runs will be made with

different values for some parameters (for example, the backscatter and tYactional coverage of wet

snox_ and meltponds). Results of our other work on the backscatter of new ice and YI will be

included to study the effects of these types on the mean backscatter from the SAR scenes. We

intend to investigate the effects of using image-dependent thresholds for ice types rather than the

global thresholds currently in use. Finally, we will explore the inclusion of a more complex sea

ice backscatter model instead of the extremely simple backscatter model used so far.

3.3 Ice Concentration

The ice cc)ncentration algonthm we have developed would benefit from further investigation. We

plan t(, stud 5 the inclusion oI the thinner ice types (NI, grey ice, _d grey-white ice) in the

algc_rithm a>_x_ell as the use of multitemporal information to further constrain the problem. The

use _>Ian estimated lead Ik)rmation rate may be a promising approach to improvement.

3.4 Pol\'n\a Studies

Wc alsc_ expect to continue our analysis of the Lady Ann Strait polynya data set. The cause of the

c_bser',cd backscatter trends on monthly time scales remains an open question, and we will

examine and evaluate i:x-_ssible mechanisms. The SAR "snapshots" of the polynya, while not

suitable lor a rigorous study of ice dynamics within the tx_lynya, may be useful for validating a

coupled ice/ocean lx_lynya model currently under development by J. Heinnchs.

;_!!_!,ii__ii_,

i _,[i__ _
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6. ACRONYMLIST

ASF
BI
CU
EOSAT
ERS-1
FYI
GPS
IC
IF
IDI.
MYI
NI
NMC
()I
SAR
SIPS
SSM/I
INI
UTM
WMO
'_I

AlaskaSARFacility'
Bright Ice
Universityof Colorado

EarthObservationSatelliteCortx_ration
EarthResourcesSatellite- 1
First-yearIce

GeophysicalProcessorSystem
IceConcentration
IceFree

InteractiveDataLanguage
MultivearIce

,1

Nilas

National Meteorological Center

Old Ice

Synthetic Aperture Radar

Spectral Image Processing System

Special Sensor Microwave Imager

Thematic Mapper

Unixersal Transverse Mercator

World Meteorological OrganiTation

Young Ice
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